Acid-induced molten globule state of a fully active mutant of human interleukin-6.
Interleukin-6 (IL-6), a four-helix bundle protein, is a multifunctional cytokine which plays an important role in the regulation of the immune system, hematopoiesis, and inflammatory response, as well as in the pathogenesis of multiple myeloma. We have previously shown that a single-disulfide variant of human IL-6, lacking 22 N-terminal amino acids and the disulfide bond connecting Cys-45 and Cys-51 in the 185-residue chain of the wild-type protein, fully retains the conformational, stability, and functional properties of the full-length human IL-6 [Breton et al. (1995) Eur. J. Biochem. 227, 573-581]. In this study, we have investigated the conformational and stability properties of mutant IL-6 at acidic pH (A-state). Using far- and near-ultraviolet (UV) circular dichroism (CD), fluorescence emission, and second-derivative absorption spectroscopy, we have established that mutant IL-6 at pH 2.0 fully retains the helical secondary structure of the native protein at pH 7.5, while the tertiary interactions are much weaker. At variance from the native species, mutant IL-6 in the A-state binds 1-anilinonaphthalene-8-sulfonic acid (ANS), a property considered most typical of a protein in the molten globule state. The pH-induced conformational change from the native to the A-state, monitored either by near-UV CD or by ANS-binding measurements, shows a transition midpoint at pH approximately 4.5, thus indicating that the partial unfolding of the protein is mediated by the titration of glutamic and/or aspartic acid residues. At pH 2.0, the thermal denaturation of mutant IL-6 occurs as a broad process of low cooperativity with a transition at 50-60 degrees C, whereas at pH 7.5 the thermal unfolding is cooperative and characterized by a transition midpoint at 65 degrees C. Of interest, the unfolding of the A-state is not complete even up to approximately 85 degrees C. The urea-mediated unfolding profile of mutant IL-6, measured by far-UV CD, is essentially identical at both pH 7.5 and 2.0, with a midpoint of the cooperative unfolding transition at 5.5 +/- 0.1 M denaturant. Both thermal and urea denaturations of the A-state are complex and cannot fit to a two-state model for unfolding. The unusual stability of mutant IL-6 in acid is also reflected by the resistance to proteolysis at pH 3.6-4.0 by Staphylococcus aureus V8 protease or cathepsin D, an acid protease released by machrophages upon inflammatory stimulation. It is suggested that the molten globule state of IL-6 at acidic pH can play a role in the biological activity of this cytokine, which can exert its activity also at mildly acidic pH, as in inflammation sites.